






Annual Reports, 1923 and 1924 
-% y . 
with 
Accompanying Papers. 
GEORGE F. KAY, Ph. D., State Geologist 
JAMES H. LEES, Ph. D., Assistant State Geologist 
Published by 










. Cor ~ 
• 
Geological Survey Organization 
GEOLOGICAL BOARD 
HIS EXCELLENCY, N . E. KENDALL ..•.• _ •• _ .••• _ .••• _ ••••.....• _ •••.•••••• _ •••••• _ •• .'GOVERNOR OF IOWA 
HON. GLENN C: HAYNES .•• _ .•••.•••..••.••• _ .••••.•••• _ ••.......••.•••••••• _ ••...••• _ .....••• .AUDITOR OF STATE 
DR. WALTER A. JESSUP ••• _ •••..•...••••••....••..••.•..••.••••••...••••••••• .PRESIDENT STATE UNIVERSITY 
DR. RAYMOND A. PEARSON •••••••..•• _ ..•....••• _ .....••..••••••.•....•...•..••... PRESIDENT STATE COLLEGE 
DR. L. H. PAMMEL .•••.....•••• _ .. _ .••..•.•..•...•••..••.••••••.•• PRESIDENT IOWA ACADEMY OF SCIENCE 
ADMINISTRATIVE OFFICERS 
GEORGE F. KAY ... _ ••••..•. _ ..•.••••.•.•.•••.••.••••••••.•••••..•...••.••••...••.....••• _ .•.. _ ...•.• _ •• -STATE GEOLOGIST 
JAMES H. LEES ••••...•..••..•........ _ ••.••....•....•.••.....•.•••..••.•••••.. _ ...•... ASSISTANT STATE GEOLOGIST 
NELLIE E. NEWMAN .•.•••• _ ..••.• _ ..•••••....•••.••••....•.. _ ••...•.•.•.......•••.••.....•••••••• _ •• _ •••••• _ •.. SECRETARY 
GEOLOGICAL SECTION 
.GEORGE F. KAY ..•••••• : •.••.••••••••••.•..••••• _ •• _ •••• _ ••••••••••.• _ •....•.•.••..••••. _ •••• .PLEISTOCENE GEOLOGY 
. JAMES H. LEES ..••••• _ ...••• _ •....•.••• _ •••••..•••••••••••.••••• _ •••.••...• _ ..•.•.•..•...•.••..••. _ •••..•. AREAL GEOLOGY 
WM. H. NORTON •.•••.••••••••• _ •• _ ...••• _ ••...••• _ ••••••••••.... _ .....•..•.......•••. _ .. _ ... UNDERGROUND WATERS 
B. SHIMEK ••••••••.....••••.••....••• _ .••..• _ ...••.•••••••• ~._ •• _ .••••.••...•••••.. _ ••.......•..•••••• _ ••••••. AREAL GEOLOGY 
JOHN L. TILTON ....••• _ •••••• _ .••.•.••••••• : ..••..•...••••... STRATIGRAPHIO GEOLOGY, MISSOURI SERIES 
SIDNEY L. GALPIN .....•••••••••• _ ••• ~ •••••••• : ••••• __ ••.••• _ •••••• _ •••....••• _ ••• ECONOMIC ·GEOLOGY, CLAYS 
F. M. VAN TUYL •..•.•••..••••••••• _ •••.•....••..•. STRATIGRAPHIC GEOLOGY, MISSISSIPPIAN SYSTEM 
A. O. THOMAS ••• _ •••..•••• STRATIGRAPHIC GEOLOGY AND PALEONTOLOGY, DEVONIAN SYSTEM 
JOHN E. SMITH. ••••. _._ •••• _._ •• _ •••.••••• _. __ •••••••.•..•••••••••••• ECONOMIC GEOLOGY, FERTILIZERS 
A. C. NOE ....•.....•.••.....•....••••••• _ •• _ ••••.• __ •• _ •• .8TRATIGRAPHIC G1<:OLOGY, DES MOINES SERIES 
A. L. LUGN ..•••...•••.•••••••..••• _ •••••••.•• _._ .•.••••••••• _ ••••• _ .. _ ...•••.•••••.•••...••• _ ••• _._ •. .AREAL GEOLOGY 
TOPOGRAPHIC SECTION 
W. L. MILLER .••.........•.. _ •• _ .........• _ .••.•.••...••• _ •• _ •.•...•• _ .•.....••• _ ••..•••..•. TOPOGRAPHIO ENGINEER 
E. L. MONAIR. •• _ .....••••••••••••• _ .....•••••.....•.• _ ••••.•••...••••• _ ••.••• _ ••••.•.•••.•••• TOPOGRAPHIC ENGINEER 
FRANK A . DANFORTH ••• _ •. _ .••••• _ ...•..••••••••••...••• _ •• _ •••..••..• _ •• _ ••. ~ •• _ ••• TOPOGRAPHIC ENGINEER 
J. L. SANDERS ....•••.•••••.• _ ••••••.••• _ •••••.•••.....••........•..•.... _ .••••• .J"UNIOR TOPOGM,PHIO ENGINEER 
0: C. COPE. ..•... _ •• _ •• _ ...•.••• :.. •...•..•••••••.••••••••..••••... _ .••• _ ...••.•• .J"UNIOR TOPOGRAPHIO ENGINEER 
E. O. BROOKS ..•.•.••••••••.•• _ ••••••••.••••••.••••••••••••••• _ •• : ••••••••••••.•••••...•••••• _ ••••• _ ••••• FrFLD AsSISTANT 
WALTER MCCREA ....•..•..•••.•••..•••• _ ••.•••.•••.••• _ .••••••••.•• _ .••• _ •••••• _ ••••••.•••...•••..•• , ••••• _ .••••••. .RECORDER 
FRANK HOPPE ....•••.••....•••..•••. _ •• _ .••• _ .. _ .••• _ •• _ •••••.•• _ •..••..• _ •..••....• _ ...••••••• _ .•••......••••• CHAINMAN 
CHARLES R. Wrr,SON •...•••••••••.•.••..• _ •• _ •••• _ •• _ .••• _.~ •..•••.••••.•• _ •••• _ ••..••••.•.••••••. _ ••••••••• CHAINMAN 
RAY REDFEARN •••••.. _ ...•.• _ ...••••..•••••••...••••..•.••••••.•••••••• _ •• _._ •• _ •••••• _ •• _ •.•••• _ •••••• _ •• _ ...•••. ROI>MAN 
JAMES WILTSHIRE ..••••• _ •• _ ...••• _ ••••..•••• _ •••••• _ •• _ •.•..•.•...••.•• _ .• _ .•••..•••. _ •••.....•••...••••.••••.•• .RoDMAN 
MYltON STOUT ....•....••.•••.•••••••••••.••••..•••••.•••.••••. ...•.........••••••• _ ..•••...•••••• - r ........................ .RoDMAN 
O. P. PIRTLE ••••••••••••••••• _ •••••••.•....•••••••••••••.•••••.••• ~ •..••• _ ••.....••.••••.••• _ •••••• _._ •..•...••• _ ••••••• RoI>MAN 
HARRy RINGLAND ..•.•••.••• _ .. _ •••••. _ .•...•.••.•... _ ...•..•••• _ •• _ •••••••••• _ ••..•..••• ___ .. _ ••••••.••• _ ••••••. RoI>MAN 
LESTER :a.!ILLER. ••••••• _ ••••••..••••• _ •• _ •. _ ••.••••.•• _ ...•••.•...•••..•• _ •. _ .•••••.•.•. _._ •• _ •••••••••••••• _ •• _ ••. RoDMAN 
GEORGE H. EASTIN •••••..• : .•.....••• _ ••••..••••••.•...•••..••.•••••. : .•.••. _ •••• _ ••.••• _ .....••••• _ ••••••••••••••••••. RODMAN 
W. A. DONNELL ••• _ •. _ ••••.•••••• _ •••• _ •••••.•..••••..••. _ ••.••.••••.•••.••..••. _ ••••••••..•• _ •• _ •• _ •• _ ••••••.••• .RoI>MAN 
BURTON J. CLARAHAN .•• _ •• _ ••••••••...••••••• _ ...••..•••••...••••••• _ •••.••.••.•••• _ ..•••••..•••••••...•..••••••.•• RODMAN 
WALTERS RAY ••••••••••••• _ •• _ •••• _ •••• _ •.•••••••• _ •••••••••••••• _ •• _ ..•••••••••• _ .•...••••..•••••••••.••.•.••••.•.•.. .RODMAN 
WATER GAGING SECTION 
J. B. SPIEGEL, AMES •. _________________ __________ ___ ________________ __ ___ _______ ___ ___ __ _______ HYDRAULIC E NGI NEER 
S. D. FULLER, KALO ___________ ___ ___ ______________________ _______________________ ---________________________ .GAGE READER 
B. S. BEEHRLE, MARSHALLTOWN _______ _______ __ ___________________________ -________________ ___________ .GAGE R )"ADER 
JOHN STRODTHOFF, M AQUOKETA __ __ ____ __ ___ __ ___ ________________________________________________ . ___ .GAGE R EADER 
MRs. H. H_ SHERBOURNE, CLARKSVILLE. ___ __ ____ ____ ________ ______________ ____ ________________ .GAGE R EADER 
.GEORGE COTTON, VAN M ETER ______ ______ __ ___ ________________ _____ ___ _______ ___ ______ ___ ________________ .GAGE R EADER 
FRANK SCHRECKENGAST, KEOSAUQUA __ , ____ ____________________________________ ___ __ __ ___ :________ GAGE READER 
C. W. WARREN, WAPELLO ____ ___________________________________________________ ___ _____ _______________ .GAGE R EADER 
J. W. RICKS, COPPOCK _______________ __ _______ __ ____________ _________ _________ ______________________ ___ .GAGE R EADER 
AUGUST W'EISE, I owA CITy ___ ____ .:. __________ ___ __ ________________ , __ __ _________ ____ ~ ___________ __ ___ .GAGE R EADER 
MRs. EMMA CAMERON, WAVERLY _____________ _______________ _______ ~ _________ __ _______ _________ _____ .GAGE R EADER 
CAL SMITH, V AN METER __________ _____________________ _ __ ·..: ________ , ______ __ ___________________ ___ __ ______ .GAGE R EADER 
FRED SMITH, VAN METER ____ __ ______________ ___________________ _________ _ :__________ __________________ .oAGE R EADER 
HUGH SMITH, VAN M ETER. _______________ ______ _____________________ ___ _______ _____________ ___________ .GAGE R EADER 
_J , A.. SCHROEDER, AUGUSTA ____ _______ ___ ___ ________ ______________ ___ _______ _____ --------------------.GAGE R EADER 
~: -::·E~~~~~BO~~~:::::::::::=::::::::::: :~:::: :::::::==::=:::::::::~::::::::::::::::==:::::::::::~~~~ ~~: 
W. P. COON, AMES _______ _________ ______ ________ __ ________ _________ __________ , ____ ___ , __ __ _______ ___ : _________ O'AGE READER 
R. J. COON, AMES ___________ _____ ____ __ ____ __ _________ __________ __ ____ ____________ __ _________________ _ __ _____ GAGE R EADER 
~~:E N:~~~, Ir~~S~~_~_~:::::::::::::~:=::::::=~::=:::::::::: ::::::: :::::::=:::: ::=::::::: :: : :::::~!~~ :~: D. M. FISH, AMES _______ __ __________ ______ _________ __ ____ _________ __________ _______________________________ GAGE READER 
-MRs: J. B . WILLIAMS, KEOKUK ___ ________ _____ ___ _____________ ___ _________ ___________ , _____ _________ GAGE READER 
·STANLEY COLLINS, AMES __ __ __________ ----------------------_- ------------: ____ __ _____________________ ___ GAGE R EADER 






THE ANNUAL REPORTS OF THE DIRECTOR, GEORGE F. KAY ......... : ................. _ ... _......... 7 
MINERAL PRODUCTION IN IOWA IN 1923 AND 1924, JAMES H. LEES ................. _ ... _ 9 
VTHE GEOLOGY OF THE MORE REFRACTO~Y CLAYS AND SHALES OF IOWA, S. L. . . 
GALPIN ................................................................... _ ................................................... 53 
~ THE FERTILIZER MATERIALS OF IOWA, ' JOHN "E. SMITH ...... ~ ........................................... 91 
"lTHE DISTRillUTION 01' · ASH AND SULFUR IN IOWA COALS AS AFFECTED BY 
yv ASHING AND FLOTATION, H. L. OLIN AND J. R. TROELTZSCH ........................ 153 






















LIST OF ILLUSTRATIONS 
PAGE 
Showing distribution of outcrops of formations containing refractory 
clays ............ ~ ............................ _ .............. _ ................................ _............... 58 
Plan and vertical sections of white clay deposit near Miles .................... ~O 
Fort Dodge gypsum. View showing its banded structure ........................ 99 
Preliminary map ' of the Wisconsin glaciated area in Iowa. To face ...... l02 
. Map of Iowa showing areas of relative need of lime on ·soi.j.s .................... 114 
Map to show areas containing limestone and dolomite suitable for use ' 
as a fertilizer ............... _ ........... ; .......... _.: ............. : ...... _ ................ _ .......... ..115 
Map of northeastern Iowa showing quarries and outcrops of limestone 
and dolomite. To face ............... _ ............................ __ .................... _ .... _.120 
Map of east.centr;tl Iowa showing limestone and dolomite outcrops and 
quarries. To face ................. _ ............................................ _ .......... _ ......... 130 
Map of southeastern Iowa showing outcrops and quarries of limestone 
and dolomite. To face ............................................. _ ...................... _ .... _.140 
Figures 1·9, Dikelocephalus minnesotensis; 1,0,11, Agnostus .parilis; 12, 
13, Sau7cia pyrene ..................................................... _ .............................. ..352 
Figures 1·4, Aglaspis thomasi; 5, 6, Conaspis mioros; 7·10, Sarawgia . 
wisconsensis; 11·14, Ptych(J,spis str.iata; 15·20, Illaen'Uffus calvini.. .. 354 
Figure 1, Agnostus parilis; 2, Conaspis m~cros; 3, 4, Ptychaspis ' 
striata .................... : ................ _ ........ , .......................................................... 356 
Figures 1, 2, .Eoharpes cf. E. ottawaensi~; 3·5, Homotelus florencevil-
lensis " 6, 7, Bathyurus spiniger; 8, 9, Eotenaspis bec7ceri.. ..... _ ...... ..358 
Figures 1·8, Brachyaspis alacer; 9, 10, Brachyaspis sp .............. _ .. _ ....... 360 
Figures 1·3, Isotelus gigas; 4, 5, Vogilesia gigas ......... : ................. _ .... _ ..... 362 
Figures 1·5, Vogdesia vigilans; ~·10, Isotelus iowensis; 11, Basilious . 
barrandi ........................... _ .............................................. :._ ....................... 364 
Figure 1, Illaenus amerioanus; 2, Bmnastus milleri; 3-5, Thaleops 
oV!lta; 6, 7, Homotel1bS gratiosus; 8, 9, Isotelus rej'U'venis ................ 366 
Figure 1, Cybeloides iowensis; 2, 3, Ceratooephala maquoketensis; 4-6, . 
Enorin'Uff~bS pernodosus; 7, 8, Amphilichas rhinoceros; 9', :.d . cler-
montensis; 10, 11, Bumastus beckeri; 12, Bumastus sp ..................... 368 
Figures 1·3, Calymene mammillata; 4·6, C. fayettensis; 7,8, C. gracilis; 
9, 17, Cera'Uffu-s pleurex(lnthemus; 10, C. elginensis; 11·15, C. herr-
manni; 16, Ceraur'U-s sp ........ _ .......................... : ...................................... 370 
Figures 1-3, Pterygometop.us freiJ;ricki; 4·6, Sphaerocoryphe maquo-
ketensis; 7, Cera'Uffus milleranus; 8,9, Pterygometopus larrabeei; 
10·13, Cera'Uffin1Is . icanls ......................................................... : ............ -..372 
/ 
The Univ~,,1lVIIM'I raries 






Figures 1·3, Illaenus imperator; 4·6, I. slocomi; 7, 8, I. 10batus ............ 374 
Figure 1, Illaenus ~oa;us; 2·4, I. triangularis; 5·7, Gold~ laphamL ... 376 





amosa; 10, Dalmanites platycaudatus; 11·15, Encrinurus ornatus .... 378 
Figures 1·5, Calymene niagarensis; 6, C1ieirurus niagarensisj 7, Cybele 
sp. . .. _.~ ........ _ ................ _: ... _ ............ _ .... _ ...... _._._ ............ _ .................. _ ... 380 
Figure 1, Ceraurus savagei; 2·4, G'old~ ·thomasi; 5·8, Proetus prouti; 
9·11, P. nortoni; 12, 13, P. clarus; 14, 15, P. rowi; 16, 17, P. oc-
cidens; 18, 19, P. haldemanij 20, Proetus sp.; 21, 22, P. arietinusj 
23, 24, P.bwma·stoides ....... _ ........ _ ........ _. __ ..... __ ... _ .... _ ........ _ ............. 382 
Figures 1·9, Proetus searightij 10, P. cf. P.miss01wiensW; 11, Cyphaspw 
rarip1lstulosus; 12, C. braooonensis; 13·17, Proetides insignis; 18, 
Asteropyge barrwi; 19·21, A. fitzpatricki; 22, Phillipsia tubercu--
lata; 23·26, Phacops rana; 27, 28, P. major ...... ,_ ........ _ .... _ .. _ ........ _.384 
Figures 1·8, Griffithides wilsoni; 9, 10, G. wilsom var. genev.ievensw; 
11·14, G. scit'lilus; 15, 16, Lepidocoleus iowensis; '17·19, Griffith-
ides portlocki; 20, ,Palaeopalaemon iowensis; 21, IsotelUs gigas; 
22, E"ctenaspis beckeri.._ ....... _ .................. _ ........................... _._ .... _ ... 387 
FrGURE PAGE 
1. Exposure of strata.8J.ong Cedar creek near the Fairfield·Liberty road. .. _ ...•.... _. 72 
2. Ideal section of pit of Morey Clay Products Company, Ottumwa ........... _ .. __ ..... 75 
3. Vertical section in clay pit at Redfield. ..........•......... _ .... _ ...... _ .... _ .. __ ........ __ .. _ .... _ 79' 
4. Pit of Boone Paving Brick and Tile Company ............... __ .. __ ............ _ .. _._ ....... 80 
5. Pit of Lehigh Sewer Pipe and Tile Company, Lehigh, Webster county ... _ ....... 83 
6. Section at Shady Oak, Webster county ........... _ .. __ .............. _ .... _ .......... __ ............. 84 
7. Pit at North Riverside, Sioux City ... _ .... _ .......... __ .. __ .. _ .. _ .. ~ ....... _ .... __ .... _._,.. .. 8,8 
8. A drained peat bog east of Ogden, Boone county .. ' ...... _ .. ~-.. - ...... - .... -.-...... - ... 101 
9. Goose lake, Greene county, showing vegetation that composes the peat-.......... 105 
10. A gravel pit in a kame in the Algona moraine, Winnebago county ......... _ .. _ ..... 108 
11. The Gary moraine- and Morse lake, four miles west of Belmond, Wright 
county ..... ~_ .... _ .... _ .. __ ._ ...... __ .......... _" ......................... __ ._ ................ _ ............. 109 
12. The limestone quarry at Decorah in which sm'all quantities of phosphate rock . 
were found ...... _._ ................... _ ...........•.................... _.: ........ _ ................ _ ...... _ ...... 110 . 
13. A view showing thin·bedded limestone above and thick:-bedded limestone 
below ..... _ .. _ ................ _ ...... _ .. __ .... _ ............ _ ........ _ ................ _ ....... _ ..... _ ......... 117 
14. A quarry in dolomite at Lyons; Clinton county, showing thin layers of chert· 
nodules ................. _ .. _ ................ _ .......... _ ...... _ .................. _ ........ _ ..... _._ .. _ .... _ .. _.132 
15. A view of the Eagle, Point quarry taken from the bridge at Dubuque ..... _ ...... _.133 
16. State quarry and crusher near Anamosa, Jones county ... _ ...... _ .. __ ... _ .... _._ ........ 134 
17. An old quarry along the north bluff of Iowa river in Marshall county ... __ .. _ ... 136 
'18. A ledge of limestone showing lenses of chert between the layers. Quarry one 
mile north of Le Grand, Marshall county ............ _ ... _ .. _ .... _ ...... _ .... _ ...... _ ..... .137 
19. Limestone at the "'Backbone" southwest of Winterset, ·Madison county ........ 143 
, 20. Bethany Falls limestone (Earlham) in section 2 of Ward township, Clarke 
county .... _ .............. __ ........ __ .... _ .. _ ...... _ .... _.; ... _ ... _ .. _._ ......... _ ...... _ ..... _ .. _.~.144 
21. Details of sink·and·float apparatus ......... _ .......... _ ........... _ .......... _ .... _ .... __ .. __ .. _ ... 160 
22. Sink·and·float apparatus assembled ... _ ...... _ .............. __ .... _ .. __ ........ _:"_ ....... _ • ...... .161 
23. Chronological table of the strata of Iowa ....... : ... _ ..... _ ....... ..: ...... _ .. _._ ... _ ........ _ ... 175 
24. Diagra=atic figure of a trilobite ..... _ .. _ .......................... _ ........ _ .......... _ ... _ .... _ ..... 181 
25. Restoration of Illaenurus calvini ... _ .. _ .............. _ ............................. _._ ........ _ .. _ ....... 191 
26. A large specimen of Ceraurus pleurezanthemus from Boyle's quarry near 
, McGregor ....... _ .................. _ ...................... _ ........... __ .. _ ... _ ... _.""""" .. _ .... _ ......... 242 
27. Enlargement of Lepidocoleus iowensis. ........ __ .. _ .... ___ ._ ....... __ ........ _ .... __ .. _ ....... 315 
28. Griffithides scitulu8. Two well preserved specimens from Pennsylvanian 
limestone near Fort Dodge ... _ .... , ........... _ ...... _ .... _ .. _ ...... ...,..._ .. __ •.. _ .... _ .. _ ... 334 
\ 
